Caulobacter species have been rarely found to be a cause of human infection. A case of probable Caulobacter species meningitis occurring postneurosurgery in a pediatric patient is reported in the present article. Gram stain and colony morphology of the isolate were not consistent with the identification provided by commercial phenotypic identification systems. The present case illustrates the need to reconcile conflicting phenotypic test results using 16S ribosomal DNA sequencing. 
C aulobacter species are aerobic, Gram-negative bacilli that have a rod-shaped, fusiform or vibrioid appearance, and are characterized by the presence of a stalk (1-3). These bacteria have been primarily recovered from aquatic environments (1) . There are very few published reports in the literature describing isolation of Caulobacter species from human clinical specimens. A probable case of Caulobacter species meningitis occurring postneurosurgery is presented in the current report, as well as a description of the genus and review of the literature.
CASe PreSeNtAtIoN
A 14-year-old boy with a history of Chiari I malformation and multiple previous neurosurgical procedures was admitted to a tertiary care hospital (Winnipeg, Manitoba) in May 2009 with a diagnosis of bacterial meningitis. The patient had undergone Chiari decompression surgery three weeks prior to admission. Two weeks before admission, he developed a postoperative cerebrospinal fluid (CSF) leak, which required resuturing of the surgical incision. On admission, the patient reported three days of swelling below the incision, back and neck pain, and low-grade fever (measured temperature of 38.3°C). On physical examination, the patient was noted to have a pseudomeningocele swelling of the nape of the neck. He was afebrile (36.8°C) at this time. The patient's peripheral white blood cell count demonstrated a neutrophilic leukocytosis (15.5×10 9 /L). Due to the clinical concern of meningitis, CSF sampling was performed. Eighty millilitres of turbid CSF was drained from the pseudomeningocele. CSF analysis demonstrated a total nucleated cell count of 2174×10 6 /L (73% neutrophils), a protein concentration of 1.05 g/L, and a glucose level of 2.1 mmol/L. Bacteria were not visualized on Gram stain. Empirical antimicrobial therapy with vancomycin and ceftazidime was initiated after the CSF specimen was obtained.
The CSF was centrifuged (10,000 g for 15 min), the supernatant was decanted, and the resuspended pellet was inoculated into a pediatric blood culture bottle and streaked onto 5% sheep blood agar and chocolate agar plates. The blood culture bottle was incubated in a BacTALERT 3D (BioMérieux, USA) automated instrument. Growth was only observed in the pediatric bottle (not on the plates), following three days of incubation. Gram staining revealed a Gram-negative, curved rod ( Figure 1 ). The isolate was subcultured onto 5% sheep blood agar, Mueller-Hinton agar, chocolate agar and MacConkey agar, and was incubated at 35°C in an aerobic atmosphere (5% CO 2 for the chocolate agar). Slight growth was visible on all plates after 24 h incubation. The colonies on blood agar after three days of incubation were small (approximately 1 mm), gray and circular, with a slight central depression ( Figure 1 ). The isolate was oxidase positive and indole negative. A catalase test was indeterminate.
Biochemical identification with the API 20 NE (BioMérieux) and VITEK 2 GN (BioMérieux) systems was performed. These systems identified the isolate as Brevundimonas vesicularis (probability 93.7%) and Sphingomonas paucimobilis (probability 95%), respectively. However, the phenotype of the isolate (curved rods with gray colonies) was inconsistent with that of either B vesicularis or S paucimobilis. These bacteria are typically described as straight rods with yellow colonies.
To definitively identify the isolate, polymerase chain reaction amplification and sequencing of an 800 base pair fragment of the 16S ribosomal RNA gene was performed, using universal primers 8FPL (5′-AGTTTGATCCTGGCTCAG-3′) and 806R (5′-GGACTACCAGGGTATCTAAT-3′). The sequence obtained was compared with sequences deposited in the GenBank (NCBI, USA) and Ribosomal Database Project (Michigan State University, USA) databases. The isolate was identified as Caulobacter species (100% sequence identity with Caulobacter species DNA, GenBank accession numbers AJ227773.1, AJ227764.1, AJ227761.1).
Antimicrobial susceptibility of the isolate was determined by broth microdilution in accordance with the Clinical and Laboratory Standards Institute (CLSI) guidelines (4). Because there are no published breakpoints for Caulobacter species, the CLSI minimum inhibitory concentration interpretive standards for non-Enterobacteriaceae Gram-negative rods were applied (5 
DISCuSSIoN
In 1935, Henrici and Johnson (2) published the first description of microorganisms belonging to the genus Caulobacter. The genus name was derived from the Greek word 'Kaulos' meaning 'stalk' (2). Caulobacter species are aerobic, Gram-negative, unicellular, stalked bacteria that measure 0.4 µm to 0.5 µm × 1 µm to 2 µm (3). The cells may be vibrioid, rod shaped or fusiform, with the stalk arising from one pole of the cell (1-3) . Members of the genus form catalase (1). The temperature for optimal growth is 25°C to 30°C (range 10°C to 35°C), and some species have specific nutritional requirements (eg, riboflavin, biotin) (1,6,7). Caulobacter species have been recovered primarily from freshwater (river, canal, well, pond, tap, distilled and bottled water) and marine (seawater) sources. Isolates have also been obtained from soil, and the intestinal tract of millipedes (1, 6, 8, 9) . Phylogenetically, the freshwater Caulobacter species form two distinct clusters (10) . Marine species form an additional cluster, which is more distantly related to the freshwater species. Through 16S ribosomal DNA sequencing, the freshwater species, including Caulobacter crescentus (similar to the isolate in the present report with regard to sequencing), are most closely related to bacteria in the genus Brevundimonas (10) .
To date, Caulobacter species have rarely been documented to cause human infection. A review of the English language literature revealed only two reports describing the isolation of Caulobacter species from clinical specimens (7,11). Justesen et al (7) described a 64-year-old man who developed peritonitis while undergoing intermittent peritoneal dialysis for chronic renal insufficiency. Growth from the peritoneal fluid was observed in two aerobic blood culture bottles after four days of incubation. Using an API ID 32 GN strip (BioMérieux) and a VITEK 2 GN card, this isolate was identified as B vesicularis and S paucimobilis, respectively. Interestingly, these are the same identities we obtained using commercial phenotypic identification systems. Sequencing of the 16S ribosomal DNA gene was subsequently performed, and the isolate was determined to be Caulobacter species (7). The patient received intraperitoneal gentamicin and vancomycin. He subsequently died of other causes. The second report was published by Drancourt et al (11) . These investigators used 16S ribosomal DNA sequencing to identify 177 bacterial isolates that could not be classified by conventional phenotypic methods. One of the isolates included in this study was identified as Caulobacter intermedius. This isolate was apparently obtained from a 'clinical source' (11) . Unfortunately, no further details are provided regarding whether the isolate was of clinical significance.
Antimicrobial susceptibility of Caulobacter species has not been well described in the literature. There are no CLSI guidelines instructing how to perform testing for this genus, nor are interpretive criteria available. Justesen et al (7) performed susceptibility testing on their isolate using E-test strips, with the isolate inoculated onto Danish blood agar. These investigators applied CLSI breakpoints for nonfermentative Gram-negative rods. Based on these breakpoints, their isolate was susceptible to meropenem, imipenem, gentamicin, streptomycin, netilmicin, tobramycin, linezolid, rifampin, tetracycline and sulfadiazine. In general, this is similar to the susceptibilities reported in the present article.
There are several limitations to the current report that warrant attention. The first is that the Caulobacter species isolate recovered only grew in a blood culture bottle inoculated with CSF, and not on the agar plates that were directly inoculated with the clinical specimen. On this basis, the question could be raised as to whether the isolate may in fact represent an environmental contaminant introduced at the time of specimen inoculation/plating. While this cannot be entirely excluded, no other bacterial pathogen was isolated on culture despite collection of the CSF specimen before antimicrobial administration. The second limitation is that bacterial identification was made entirely on the basis of 16S ribosomal DNA sequencing. We did not pursue further investigations to visualize the characteristic 
A Curved Gram-negative bacilli seen on Gram stain; B Colony morphology after three days of incubation on blood agar
Caulobacter stalk. However, the sequencing was a very good match for Caulobacter species DNA and the limited biochemical investisgations performed here were in agreement with testing described by Justesen et al (7) . Finally, the patient was discharged before the final organism was identified; the source of the organism in his CSF remains unclear. Because Caulobacter species have been recovered from tap water, it is quite possible that the isolate originated from a water source in the hospital environment. Environmental testing was not performed to confirm or refute this hypothesis. It is likely that the patient's recent neurosurgical manipulations also played a role in the pathogenesis.
SuMMAry
The present article describes a case of meningitis postneurosurgery, likely due to Caulobacter species, in a pediatric patient. The isolate in question was identified by commercial phenotypic identification systems as B vesicularis and S paucimobilis. However, both of these identities were inconsistent with the organism's Gram stain and colony morphology. The present case underscores the importance of reconciling conflicting phenotypic test results with the use of 16S ribosomal DNA sequencing. Correct organism identification, in turn, is critical in defining the range of clinical manifestations and virulence potential of a given genus/species. In comparison with community-acquired bacterial meningitis, meningitis following neurosurgery is more likely to be caused by Gram-negative rods including Enterobacteriaceae and nonfermenters (12, 13) . One should not discount the clinical significance of uncommon Gram-negative rods recovered from patient specimens in the appropriate clinical context.
